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2.0 INTROCDUCTION

2.1 General

Sheet and plate metal form an essential and integral part
of major structural components and assemblies in space
vehicle stages. Use of unsound material could seriously
Jeopardize fiights because of unreliable strength ASSump-
tions. Iack of soundness becomes more acute, or actually
begins to exist, as a result of working the material.
Therefore, methods for detecting and locating surface
defects are required in the preassembly phases of stage
fabrication.

Methods presently used include fluorescent dye penetrant,
visual inspection, end others of lesser popularity. All
of these methods are time consuming and are quite subject
to human error. Further, the dye penetrant method, al-
though comparatively accurste, adds a clean-up problem

in the removal of the dye; this is especially aifficult
in small cracks and Lecomes critical where "lox" cleanli-
ness 1s involved.

Ultrasonic methods of inspection have become fairly common
in recent years. Work has been done at MSFC which demon-
strates the accuracy and the reliability of weld inspec-
tion by wltrasonic methods, and also demonstrates unique
capabilities not possible by cther means. Generally,
these techniques use a shear wave approach. An angle
beam shear wave method has the characteristic of probing
through the material of a plate in a zig-zag path slong
the plate, alternately reflecting from its two sides.
Thus, both sides may be scanned in one operation. A
shallow crack at one side would form a corner reflector;
the material surface acting as one face, and the crack as
the other face of the cormer reflector. Both flat plate
and contoured plate may be inspected by this method. How-
ever, the operation of this method may be seriously com-
plicated by irregular geometry of the oppoeite side, or
by attachments made to the opposite side. It is in such
cases that the use of a surface wave method has a distinct
advantage.

Unlike shear wave propagation &8s described above, surface
weves penetrate only to a very limited depth into the
material, and travel along the contour of the material
until interrupted by a& sharp change in surface directien.
A natural edge of the mmterial or a very shallow discon-
tinuity 1n the material would present such a change in
direction.
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2.2

2.3

Surface wave propagation requires a material thickness of
at least one wavelength of the surface wave. Thinner
material will not support surface WBves; instead, the
thinner material would cause Lamb waves to be generated.
Propagation of surface waves is only slightly attenuated
in aluminum naving smooth faces. These characteristics
make the use of & surface wave method especially suitable
for the inspection of large areas of a single surface of
either flat or gently contoured aluminum plate.

Prior Development Work

The use of Varisble Angle Wheel Search Units, Type SOB,
size 1/2" x 1", Styles 50p403, SOD340 and 50D4Ok in operat-
ing frequencies of 1.0 Mc., 2.25 Mc., and 5.0 Mc. for the
detection of surface discontinuities in specimen aluminum
meterials by surface vave techniques has been investigated
in detail. .

Results of this investigation are given in a final report
entitled "Ultrasonic Surface Wave Probing Techniques for
Determining Material 3oundness", Reference 3.1.

mest results indicate that the Variable Angle Wheel Search
Unit, Style S0D340 at 2.25 Mc., is the most effective in
surface inspection of specimen material.

Recults of further tests show that its ultrasonic beam,
as used in a pulse-ccho method, is very directional.
murning the beam 0.5 degree from the normal to a test
notch 12" away reduces signal amplitude 10%. Turning 2.0
degrees from the normal reduces signal amplitude 75%.

In consideration of such high directivity, the use of Vari-
able Angle Wheel 50D340 would in prectice require insgpec-
tion scans at about 1° intervals in orientation to provide
complete coverage for the detection of straight notches on
gpecimen materials. Counting both sides of a notch to be
equally detectable, full coverage would therefore require
scans at a minimm of 180 orientations.

Ring Beam Wheel Surface Wave Search Unit

The design and development of & ring beam wheel surface
wave search unit was proposed for the purpose of reducing
the number of scanning angles needed for reliable detection
of randomly oriented surface cracks.

The performance expected of such a search unit was based
to a large degree on results obtained and reported in
mltrasonic Surface Wave Probing Techniques for Determin-
ing Material Soundness”, Reference 3.1.
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3.0 REFERENCE

3.1

Final Report, "Ultrasonic Surface Wave Probing Technigues
for Determining Material Soundness”, March 25, 1965,
Contract FNo. NAS3-11uSh.

4.0 SCCPE OF WORK

.1

L2

k.3

b4

k.5

L.6

Design, develop and deliver & special ultrasonic wheel type
trensducer wnica will radiate surface waves in a 360°
pattern from ite contact positicn on material to be scanned.

Perform necessary testing to define an wltrasonic surface
wave flaw detection systemn.

Utilize ultrasonicz frequencies necessary to scan plate
eluminum material of thickness range .091" to 1.00" for
surface discontinuities. Prepare new or use existing
reference standards in performance of evaluzation of the
ring beam wheel.

Perform study of waves generated by the ring beam wheel.
Prepare distance amplitude curves fram reference plates
to simulate surface defects at different test distances.

Prepare recordings of all scans of reference or other
test plates.

Determine with the use of a distance amplitude correction
method the most efficient scanning pattern and number of
scan passes necessary for complete coverage of a plate.
Perform additional reseerch and testing as required to
define & basic ultrasonic surface wave test system.

Prepare surface wave system layout drawing incorporating
all new features not previously presented. :
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@ 5.0 DETAILED WORK PROGRAM

5.1 STEP I - Design and Procurement

5.2

5.3

5.1.1

5.1.2

5.1.3

5-lch

5.1.5

Determine the effect of tire contact spot shape
on 1inspectior sensitivity.

Determine incident angle required in wheel fiuid
to produce a surface wave in specimen material.

Devise several methods of generating a confcal
beam within the tire at the angle determined in
5.1.2.

Of the several methods devised in 5.1.3, select
two for development. Prepare drawings for the
construction of a single search unit utilizing
each of the two selected methods through the use
of demountable reflector kits to be installed
alternately.

Procure parts and materials for the construction
of the search unit.

ST=P 11 - Experimental Assembly

5.2.1

5. 2.2

5.2.3

5.2.4

5.2.5

Assemble two (2) crystal-facings backings.

Compare operation of the two assemblies in simple
immersion system.

Determine whether match network would improve opera-
tion. If so, design and construct network.

Complete assembly of Wheel Unit using the better
of the two assemblies as found in Paragraph 5.2.2
and Reflector Kit "A™ - S0B1413.

After experimental data has been obtained for
STEP III using Reflector Kit "A", disassemble the
Unit and reagsemble using Reflector Kit "B" -
50B141k,

STEP III - Study of Waves

5.3.1

With Reflector Kit A" - 50B1413 installed in the
Wheel Unit, perform the folloving tests:

5.3.1.1 Show that Unit generates a ring beam of
surface waves on specimen material.
Determine whether internal beam angle
1s proper, check for presence of other
modes on thick specimen material.




5.3.2

5-3-1.2 Cbtain Awplitude/Notch Angle data in 22 1/2°
intervals at a distance of 5", and in {nter-
vals of 30° at a distance of 10"

Use Test Plate ™D", both sides. (8ee
Figures 12 and 13.)

3.3.1.3 Obtain Amplitude/Notca Depth data using
scan "Tire Roll A", on Test Plate “E".
(8ee Figure 14.) .

5.3-1.% Obvtain Distance/Amplitude data using scan
"Tire Roll A", on Test Plate "%, (See
Figure 14.) .

5.3.1.5 Set up DAC. Operate DAC to correct for
distance in above tests.

With DAC properly adjusted, take several
slant scans such as "Tire Roll BY, Bketch
1k on Test Plate "E". Show that results
are the same as those for "Tire Roll A",

Install Réfleetdr Kit "B" and repeat above para-
graphs 5.3.1.1 through 5.3.1.5.

5.4 STEP IV - System Layout

5.4.1

5.4.2

Design Automatic Scanning and Recording System.
Determine values for the fallowing to provide best
scamning system:

Gate Start, time

Gate Length, time

Index Interval, inches

Scanning Speed, feet/minute

Indexing Speed, inches/second

Make mechanfcal layout for complete scanning system.




. 6.0 WORK PERFORMED AND RESULTS OBTAINED

6.1 STP I - Design and Procurement
6.1.1 Design of a Ring Beam Wneel Search Unit

The {irst comsideration in design was given to
the shape of the spot made by the tire on the
tast material and its effect on inspection sensi-
tivity. ‘

Prior surface wave work performed with a Varisble .
Angle Wheel Search Unit (Style 50D340) indicated
that reflected signal amplitude is highly de-
pendent on the width of the tire surface contact
spot. Results of this work are reproduced in
Pigure 1. Here, the surface wave path is only

at one side of the tire.

From this, it follows that the desired unifom
testing sensitivity throughout a 360° range of
a ring beam search unit requires a round spot
shape, unless internal caorpensation is provided.

Tests were conducted using the existing tire

on Bearch Unit Style 50D340 to compare the width
‘ anrd length of the contact spot as the tire was

compressed. Resulte are plotted in Figure 2

(upper graph).

Hypothetical signal amplitudes were then calcu-
lated for the width and length directions by
using the Signal Amplitude/Contact Width data

of Figure 1 together with Spot Size/Post Height
data of Pigure 2 to obtain the calculated Signal
Amplitude/Post Height plots in FPigure 2.

The signal Amplitude/Post Height plots indicate

that vide and irregular spread of inspection sensi~
tivity throughout a 360° range would result if

the present tire were used in & ring beam search unit.
A decision was therefore made to construct a new

tire having a spherical tread so that its contact
spot would be round. :

The second design consideration was given to the
incident angle of the ultrasonic beam within the
tire necessary to produce a surface wave in aluminum.
Prior work showed that the Variable Angle Wheel
Search Unit generated surface waves in specimen
material vhen its side angle control was at a dial
. setting of 19.80 (see Page 9, Final Report, Reference
3.1), corresponding to an incident angle of 35°



(see Figure 7, Pinal Report, Reference
3.1): This agrees with the angle computed by
substitution in Snell's law:

VL —_— sin ¢'
V, = sin ¢,

1.66 x 10° cm/sec., longi-
tudinal velocity, wheel
fluid.

See Figure 7, Reference 3.1

I

where v,

V, = 2.90 x 10° cm/sec., surface
vave velocity, specimen
material.

See Figure 17, Reference 3.1

S
)

Incident angle in wheel fluid

@ = 90 (for surface vave in speci~. .
*  men material)

= arcsin Vi
9, *
$,=35°

Therefore, a surface vave ring beam wheel sea.rchounit
requires & conical beam in its wheel fluid at 35
from the normal.

The third design consideration was given to methods
of generating such a 350 conical beam in & tire
having a spherical tread.

The concept originally planned about a year ago to
obtain this has a flat dougbnut type trensducer and
a funnel reflector as shown laid out with bean peths
in Pigure 4. Recently, several alternate methods s
as shown in Figures 3, 5, 0, and 7 have been pro-
posed. '

In all five layouts, a tire diameter of 6 1/4 inches
and a contact spot diameter of 2 inches are used.
Principal constructional and operstional qualities
are given below for comparison:

-8-




6.1.2

Figure a) Beam angle may be changed
by changing angle of re-
flector ipsert

b) Crystal has very small area
¢) Base of reflector too near
tire for safety

Figure 4 a) Beam angle may be changed by
ckanging angle of reflector
insert

b) Crystal has large ares

Figure a) Bean angle fixed
b) Crystal has large area

Figure 6 &) Beam paths use & large part of
available height, leaving too
little space for necessary
backing

b) Deam angle mey be changed by
changing angle of reflecto
insert :

¢) Crystal has small area

Figure 7 &) Beam angls may be changed by
changing angles of reflsctor
inserts

b) Crystal has small area

On the basis of the above listed qualities, the
original coacept, as shown in Figure 4, was chosen
for development, with the coucept in Figure 7 to

be used as an alternate. Final design of these

is given in Figures 8 and 9. Both systems use

the same Transducer and Shaft Assembly. In the
single "funnel" reflector system, the central part
of the transducer's beam is masked by a baffle to
yrevent transmission directly through the orifice

of the reflector. To change to the double reflector
system, the funnel reflector and the central bpaffle
are removed, and Reflector Kit "B" is installed.
With this, Baffle S50B1412 masks the outer area of the
transducer to prevent direct transmission to the
tire.

Cuch construction also p2rmita future installation
of nodiried rerlactor and baffle kits for use in
testing materials other than the specimen aluminum.

Procurement
Parts and materials required for the coastruction of

the Ring Beam Wheel Search Unit, but not available
in Sperry stores were purchased through outside vendors.

-9-



6.2 SIEP II - Experimental Assembly

6.2.1 Trensducer Test .

Considering the fragility of Crystal 50A3618
and of the associated Pacing 50A3€¢17, and con-
sidering the critical operation of assembling
these on Backing S0C1005 and Spacer 50A3621,
these parts had been ordered in quantities

of two each.

Two of each were received, and two assemblies,
designated "A" and "3', were made.

Corparative ultrasonic tests of the two assemblies
W“ere made uSing an immersion system as shown
in Pigure 15,

In this, a cteel Lall reflesctor was set in the
lower part of a tank; and a crystal backing
assembly, supported by a mounting bolt, was
partly immersed in water in the tank.

When the crystal leads were connected to a Reflec~
toscope switched to 2.25 Mc., a reflection from
the steel bell was observed on the screen. The
amplitude of this reflection was monitored as the
assembly vwes rotated on the mounting bolt. Tests
were repeated with the steel ball at several
distances from the exis of the mounting bolt.

Representative results ovtained, shown plotted on
polar coordinates in Figure 16 indicate that
Assembly "A" has a more uniform but somewhat lower
ultrasonic amplitude output than Assembly "B".

Since it 1is considerad that uniformity of output is
& more important quality than higher level output,
Assembly "A" was chosen for installation in the Wheel
Unit. Assembly "3B" was kept as a spare.

The doughnut crystal S50A3618 has an electrical
capacity of approximately 0.02 mfd. which is rmch
larger than is found in search unite commonly
used with the Reflectoscope.

When the crystal was connected through a 6'4"
cable to the "R" jack of the Reflectoscope, and
when the frequency control of the Reflectoscope
vas set at 2.25 Mc., detuning was so severe that
the initial pulse frequency, as observed on a
Test Oscilloscope, dropped to 0.25 Mc.

-10-



6.2.2

The Pulser/Receiver 5K of thz Reflectoscope

was modified, and 3 match neiwork was designed
and in:telled in the Wheel Search Unit as shown
in Figure 15. Pulse length and Pulse tuning
controls vwere not used. With these changes
made, the operating frequency of the systen
returned to 2.25 Mc.

Reflector Kit "A" 50B1413 (see Item 26 on Drawing
50D4h0; Figure §) was installed on the Crystal
Backing Assembly "A".

When partially immersed in a tank of water as
shown in Figure 17 and vhen <ounacted to a
Reflattoscope, a clear reflection was obtained
from a Test Reflector tilted at the 35° angle
as it was rotated about the center 2ine. This
indicated that the required conical beam at 35°
from the vertical was produced.

Reflector Kit "A" was removed from the backing
and Reflector Kit "B" (see Figure 9) was dnstalled.

Similar tests made on Reflector Kit "B" indicated
that it also produced a conical beam at 35°. How-
ever, i1ts amplitude was lower than that of Kit "A".
In addition to the conical beam, Reflector Kit "B"
produced a kigh amplitude beam almost axial in
direction.

Assenbly of Search Unit.

The Ring Beam Search Unit was first assembled with
Reflector Kit "A" installed.

Principal parts of the Search Unit are illustrated in
Figure 10. The complested search unit is illustrated

in Pigure 1l.

6.3 STEP IXI - Study of Waves

6.3.1

Preparation of Test Plates

Test Plates "A" through '"G" had been used to
develop results given in Final Report - "Ultrasonic
Surface Wave Probing Tecimniques for Determining
Material Soundness” (Reference 3.1).




6.3.2

Platez ‘D" and "B" were chosen from this group
for use in Periforming tests of the Ring Bean
Wheel Searcu Unit.

Aaditional test notches at various angles on two
sides of Test Piste D" were prepared as chown

on Figures 12 and 13. These were used to ovtain
Anplituds Angle data for the Ring Beam Wheel
Search Unit at distances of 5 inches and 10 inches
respectively.

Prior tests have indicated that when testing an
alwidawa piate 0.210" thick with 2.25 Mc surface
waves, no intarference results from notches on
orposite sides of the plate.

Notch 19 is not a test notech, but is cut through
the plate to eliminate reflections from plate
edgec whick wauld interfere with tests to
Hoteles 10 and 8..

Additional notzhes at depths of 0.005", 0.010",
0.020", and 0.030" on plate "E” vere prepared as
shovn on Figure 14 to obtain Amplitude/Depth,
Anplitude/Distance, and Amplitude/Angle date.

Seerch Unit Adjustment

With Reflector Kit "A" installed, the Ring Beanm
Whe=l Search Unit was mounted on the laboratory
test svend as shown in Figure 11, and was placed
on an aluuinum plate 1/4 inch in thickness as
snown in Figure 20.

The "Shaft and Transducer Angle Adjustment" was set

80 thuat surface wavas were transmitted eimultaneously
toward edges "A" and 'B". Shims vere placed

at either 6ior 82 as required between the Mounting
Bracket (50D444) and the test stand to align the

scarch unit s> that surface waves were also transmitted
simltaneously toward edges "C" and "D".

Surface wave transmission was recognized by the
following tests:

a) The wave could be damped (reduced in amplitude
by absorption of energy) by placing one's hand
along the beam on the upper surface.




b) The wave could not be damped from
the bottom surface.

¢) The weasured velceity of the vave
(2.9 » 10 cm/sec taken from Paragraph
3.3) sgreed with the value established
in yrior work. (See Reference 3.1
Figure 17).

Analysis of Screen Patterns

Since the scarch unit radiates surface waves in
all directious on the upper surface of specimen
material, placling it on a rectangular test

plate as shown in Figure 19 results in reflected
signals from each of the four sides and from
gach of the four corners.

As an aid to identification of reflected signals,
the testing time was measured from the initial
pulse to signals reflected from plate edges at
knovn distances and in four directions from the
contact spot. :

For the measurement of time interva.ls tha following
steps vwere takeu: .

a) A search unit Type SAQ was placed on an
aluminum bar 6.31 inches long which pro-
duced rrultiple back reflections at regular
1ime in{ervals of 50 microseconds.

b) Merkers were displayed on the screen starting
with the 4nitial pulse. These were adjusted
in length sco that merker cycles matched the
50 microcecongé back reflection intervals.

¢} Testing tines vere then read Qirectly from
_the calibrated marker cycles, as shown in
Figures 18 and 19.

Testiag times were read as the Wheel Search Unit was
rolled toward or avay fram edges "A" and "B" in
Figure 20; or c£lid sidewise toward or avay from
"C" and "D". Data obtained ie plotted in Figure 20.

The plot indicates that the first 110 microseconds
are taken by the search unit itself for transmission
through the fluld. It also shows, as would be
expected, that testing velocities are the same for
the four different directions.

«
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2locity of the wave VR is determined

from the distance travelled in e known time.

The plot elovs that the wave mekes a round trip
e, g

in &2 incres of aluminum, during a 330
microsecond intarval.

n = zeesw o
. v 8C | _
VR = 2.8 x 105 cm/sec

This measurenment closely agrees with the veloeity -
of 2.90 x 102 cm/sec for the suiface wave in
specinen material obteined by the preecision method
reported in Reference 3.1.

Come of the signals appearing on the screen originase
within the wheel Search Unit and are due to reflse-
tions from internal interfaces. Grouped tegether,
these are called 'wheel noise". As shown on

Figure 138, the Wheel Search Unit placed on a

wooden board takes the same physical shape as when
Placed on an aluminum plate but transmits nothing
into the board. The reflections appearing are o
therefore all due to 'wheel noise. High amplitudes
wheel noise is snown to extend from 100 to 150 ‘
nicroseconds vith another spike appearing at ‘215
microseconds. Transferring to testing distance s

this indicates high® interference in the range from O
to € inches. To be reliably clear of such inter-
ference, testing should start 250 microseconds after
the initial pulse, which corresponds to & distance

of § incnes froa the center of the tire contact spot.

A typical screan pattern for a test to 2dges and corners

of a 24 inch Ly 30 inch plate is shown in Pigure
13. Both cperating sensitivity and sweep length have
been increased above settings used in Figure 18.

The following signaels are shown:
Time

{Distance | ~
Description Usec Inches |  Remarks
vheel Noige 100 to 250 - Same as FPig. 18
Rdges A N , -
A 200 5 In whe2l noise
B 365 ik Clear
D 400 16 Clear
i 455 19 Clear
Cormers
-C 375 14,9 Clear
i B 410 16.6 | Clear

Notc: Screens &isplays 21" of materisl. Coroer
~ reflections G and H are off 8Creen.



6.3.4

In rollin: the tire along tne vlate, certain
relactors rary remain fixed in distance,

wnereas >th2rs either iucrease or decreass

in distence. It ©0llows that thelr corresponding
screen signals move along the baseline ac ording}y
some reaaining fixed in posiftion, some moving
toward the initial pulse, otuer moving sway from
it.

As an example, if the search unit were moved rcxn
its position shown in Figure 19 along path "B" a

"L" toward "D7, the following shi?t of signals woAlJ
result:

¢CHER! PATTERN CHANGES AS
WIRRL SEALCI UNIT IS MOVED

TO TiE R.C:T FROM PGOITION oHOWN

Il FIGURE_EE'

Change in Saseline

Tescription Position
= . s e e
Wnesl Noise = w Ho Cuaange
Biros - R S MBS L
A Ko Change

Moves to rignt
Moves to left
oo Jo ChEnge |
Moves to right
Moves to left
Couzes on SCREEN
at rignt end and
moves 1o .Left

— - —) i s sem % b e Tae T - e e o At sk RS

uote Corner reflection 3 remains ofiscreen.
sIeaal Auplitude/Notch Depth

A study wes made of the relation of signal amplitude
to noteh depth as the wheel search unit was moved
on Test Plate "B" at & iixed distance from notches
of various depths.

l\ typical case is 1llustrated in Figure 21. In this,
he search unit was moved by hand from "A" to "B"

a.long a path 8 inches from the four notches in depths

of 0.005", 0.010", G.020", and 0.C30". As the

searcn unit canme dlmc‘ch' in front of each notch, a

reflected signal appeared on the Reflectoscope screen

at the & inch distance position.

-15-



€.3.5

Trausicate Module Style S50E550, was plugged

1000 tae id.flectoscupe, with ius ouilput connected
2 a Tape Recorder (Orisa - Mars 1i sodel RD-
c,e2-2G). The Tiwasiyat: was adjusted to start
the display of its gate at the 7 inch testing
po.ition on the hellectascope screen, and to end
ivs jate at the 9 inen position. With this,

ouly signcls appearing on the screen witnin the

T %0 3 lawu tecting ralige were sent to the Recorder.
Ky ore, voltages of these signals were in
soportion o tuelr screen ampiitides, pro- .

Ul 2

1y
Pap e

[0 E.-f

3
Ny
S b

N
e

< Fs
£ recorder in deflections also in proportion
roen signal amplitude. Ooe FPigure 3.

‘

deo (9

Ps
19
dAd

<

m
[£ IS

ot

-~
-

re Tane Lecon? rroduced Ty the secan of the four
notches is Illustoated in figure 22. This shows
the shallowest moteh (2.005" Ceep) clearly recorded,
anu lncreasing deflection: for deeper nitcues.

~igaal Amplitude,/foteh Angle

A socond 5tudy was wmade to Geterwine the relative
cignal amplitude octained ©rom notches having
various orientations but of Coustant depth and

e
25%anss .

ol

the search unit was positioned as ai

"A" on Figure 24 and was mov ty nand from

iotelr 15 to loteh 1% ox Test Plate "o, During

thle ran, signals successively appeared on the screen
av e 5 inch lesting position reflected Tram notches
10, Lo, 11, 17, 12, 16, 13, 15, and 14 in that order.
Their auplitudes were noted and rzeconded. This
Sovuiwd one 1000 range at intervels of 29 1,9,

Por the othar 130° Tange the search unit was then
curned arowwd to position "3" and was agaein moved
from 19 to 4. Tape recordings of the two ™ns are
shown in the lower part of Figure 2k.

N

Similar tests were run using notches 2t 10 inches
cway at intervals of 30° on the oyposite side of
Test Plate "D". Results are shown on Figure 25,

A sumuaarization of signal emplitudes ottained in the

above tests on the two sides of Plate "D" at both
> inches and 10 inches awsy is glven in Figure 26.
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6.3.6 Distance Amplitude Correction (DAC)

A third study was conducted to:

a) Iavestiage the effect of notch distance
on reflected signal amplitude.

t) Demonstrete toe use of a Distance - Ampli-
tude - Correction Module to remove the
effect of notch distance on reflected signal
amplitude.

For this, the search unit was placed on Test Plate
"B" as chown in Figure 27 and the amplitude of
the signal reflected from the 0.013" notch was
monitored as distance "D" was varisd.

A piot of the observed s snal amplitude variation
is given on the lower nalf of Figure 27. See
the curve marked "DAC OFP™

A Pistance Amplitude Gorrection (DAC) Module was
then plugged into the Reflectoscope chassis and
was edjustet for proper correction of the DAC-OFF
curve ,

With DAC turned on, tbe reflected signal anmplitude
remaired bLetween 1.0 and 1.2 inches for any
distance "D" in the range of 2.5 to 25 inches.

A practical demonstration is given in Figure 28 of the
us2 of the search unit and a DAC module in the Reflec-
torcope to naintain constant the amplitude of sig-
nals reflected from a given notch with both distance
and orientetion as variables.

Tire roll patan "A" was set 3 inches away from,

and parallel to, the group of four notches in various
deypths. Tire roil path "B" was arbitrarily laid

out at 35° to "A" so that distmnces to the notches
rangsd fram 4 to 1k inches.

The close approximation of the data obtained as
plotted indicates an excellent correlation of signal
amplitude and notch depth without regard to either
notch distance or notch orientation.
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Operation of Reflector Kit "B"

Following the performance of tests using
Reflector Kit "A" as described in Paragraphs
6.3.2 through 6.3.6, the Wheel Search Unit

wvas disassextled. Reflector Kit "A" was removed
from the backing. Reflector Kit "B" was installed,
and the Wheel Search Unit wes reassembled.

Tests were then conducted using Reflector Kit "B".

After aligmment of the Search Unit to test material
by the same method described in Paragraph 6.3.2
for Reflector Kit "A", the Search Unit was placed
on Test Plate "E" as shown in Figure 29.

A small screen signal appeared representing a

surface weve reflection from the plate edge S inches
away. If one placed an oiled finger along the

test pata, as at position "A", surface wave energy

was absorved and the screen signal disappeared.
Reflectograms for the two conditions are ghown in -
Figure 29.

Further tests were performed by positioning the
Searcn Unit on Test Plate "B" to provide a tire roll
path 14 inches away froz, and parallel to, the four
notches in depths of 0.005", 0.010", 0.020", and
0.030". :

As they vere scanned, all four notches were detected
in succession. One Reflectogram on Figure 30 shows

the detection of the 0.020" notch; another shown

for comparison the screen psttern remaining immediately
after passing by the 0.020" notch.

An analysis of the highzamplitude interference dis-
tributed generally along the baseline, as shown on

all four Reflectograms, indicated that the major

part was due to transmission of wave modes other tham
surface waves in the test plate. This interference -
is presumed to be due to the extraneous high amplitude
beam almost axial in direction within the tire. Te
presence of such a beam is reported in Paregraph 6.2.1.

In consideration of the difficulty of observing and
identifying smell surface wave signals in the presence
off a vide range of large interfering signals, further
tests using Reflector Kit "B" in its present form
wvere suspended.

-13-



5.4

Systenm ILayout

6.4.1 Principles of Scanning and Gating I

wWhen the Ring Zeam wWheel Search Unit is placed
cn a test ppecimen, surface waves are produced
as saown in Figuce 31 radiating fram tha contact
spot throughout a full 3609 range.

An electronic gate is adjusted to start at a

tiwe correspoading to a small test distance

avay from the ccmtect spot, and to end at another
time corresponding to a longer distance at which
testing sensitivity has nov dropped to too low

a level. The interval of gating therefore de-
scribes a doughnut pattern on the specimen also
shown in Figure 31. flected signals received
from surface discontinuities within this doughnut
area are sent to an alarm and recording system.
Sirmals occurring outside the gated time, such as the
initial pulse and eny wheel "noise!, and refliections
from distant edges are not sent to the alam and
reocorder system.

The gate appears on the screen as shown in FPigure 32,
"Final Report" of Reference 31.

As the wheel moves along a test piece, the
travelling doughnut describes an inspection pattern
as shown in Figure 32.

Figure 33 shows how three round hcoles are detected
in two parallel scans. Each scan position represents
e tire track. Since round holes reflect egually
well Trom all angles, tuey are detected whenever the
“travelling doughnut"” pesses over them; or in other
words, whenever the distance from wheel to hole falls
between Gate Start “S” and Gate End "B".

Unlike drilled holes, straight surface noiches are
detected only when the ultrasonic beam is perpen~
diculer to their orientation, and distances to then
fall within the gated interval. .

Figure 34 shows eight such notches in various orienta~
tions and at various distances from a tire roll temkk
(Scan 1). Gate Start and Gate Bad settings are

the same as those used in Pigures 31, 32, and 33.
Notches 1, 2, 3, and 4 are detected because:



6.4.2

&) A perpendicular to each notch intersects the
tire roll treck; and,

b} Ultrascnic beam lengtn "L" measured on ite
rerpenticular falls within the gated interval.

Notches 5, 6, 7, and 8 are not detected by Scan
#1 for the followiug reasons:

Notch
5 Distance "L" too long
1 Perpendicular does not cross

tire roll track
7 Distance "L" too short
& Distance "L" too long

Figure 3% illustrates lov four successive parallel
scans indexed at regular intervals cdetect all
eijht notches shown in Figure 3k.

Figures 30 and 3£-A show the relationship of
Cetzctable-noteh orientation to noteh distance
Trom the tire roll path for given GATE START
and GATE EID distance values.

Practical Values for Gating, Scanning Indexing

GATE {TART ~ 250 microseconds after the initial
vulse corresponding to 8 inches from the center

of tie tire contact spot. This avoids interference
rrom wheel Noise. BSee Figure 1d, 19, and 20.

GATE END - 475 microseconds after the initial pulse
corrzsponding to 20 inches from the ceuter of the
tive contact spot. Operation of DAC 1s effective
in the range 8 through 20 inches. Refer to Figures
20 and 27. :

INDEXING - Applying a CATE START of & inciaes and
a:GATE ElD of 20 inches to expressions given in
Figures 30 and 36-A, we derive the graph in Figure

37 showing orientations of detectable notches plotted
against notch ddstances.

This in@icates that notches falling between -50°

and +507 in orientation are detoctable when in the
Gistance range of S to 13 inches.

-20-



Indexing is therefore set at 5 inches so that
all notches mist in successive scarg fall within
the $ to 13 inch interval.

Detection of the remaining 40° in each gquadrant
reguires scaaniag at right angles to the first
scan Girection.

SOANNIIC PAITERN - For a rectangular plece, start -
the Tirst of one series of scans 21 inches from

ea edge and run parallel tothhtedgeasinacan
i-1, Figure 30.

Incex ot 5 inci iatervals to produce Scans 1-Z2,
1-3, etz. until 21 inches fram the opposite edge.

Turn the systexn 90° and repeat in a similar
manzer to produce Ecans 2-1, 2-2, 2-3, etc:

SCAINING LIMITATIONS - In each scan, the material
earce left and the edge arproached produce a signal
within the gate vhen in the range of § to 20
inches awvay from itae contact spot.

A margin 8 inches in from each efge of tae rectangular
riece is not tested Tor defects in all orientations
(21 inch aeanning margin minus 13 inch distance for
-500 to +500 detection). The extent of detected
orientations within this 8§ inch margin varies

wita distance a2s plotted in Figure 37.

Equipment _

The surfece wave scanning system described in the
Final Feport, Refercnce 3.1 has been modified for
use in:the present system by substituting an
automatic indexing comporent for the manual indexing
operation.

In a1l other respects the modified equipment, as shown
in Figure 33, is suited to properly accomoéate the
Ring Beam Wheel Search Unit.

Instrumentation consists of the following components:
Reflectoscope UM-50B721 with Pulser/Receiver 5N
and Transigate S0ES50.

2nd deck - UM710 with DAC and "§" Chassis

113 deck - Single channel strip chart recorder and
system control



The proposed Calibration Test Plate, Figure
4O, contains Pest notches suitable for the

field adjustment of sensitivity, gating and
Distance-Amplitude~Correction (DAC).

.



7.0
7.1

7.2

7.3

CONCLUSIONS

The "Proposed System for Surface Wave Inspection” described in
Paragraph 6.4.3 of this report is suitable for scanning alumi-
num plate or formed panels ¢! smooth contour approximately

16 feet by 16 feet in the tiickness renge of 0.091 to 1 inch
and contoured to approximately 33-foot spherical diameter; or
specificelly the convex surface of a GORE, APEX-UPPER HEAD
OXIDIZER TANK for the Sa‘urn 3-1C-T assembly. (See MSFC
Drawing J-60F12102.)

The time required for inspection of a 15 ft. by 16 ft. speci-
men with & surface wave beam in a single direction is deter-
mined by the sutomatic carriage scan rate of 3C ft./min., the
indexing interval of 5 inches, and the pericd for each index-
ing operation of 5 seconds.

Time per scan . . . . 32 seconds
liuwber of scens . . . 31

Scanning time . . . . 992 seconds
Indexing time . . . . 155 seconds

Total 1147 seconds

Total Inspection
Time (two scanning
directions) 2294 seconds, or 38.2 minutes

Surface notches in all orientations may be detected through-
out the area of a test plate, excepting a margin of 8 inches
from each edge.

Within this margin, notches in only a limited range of orienta-
tion are detectable.




8.0 RECOMMENDATIONS

The feaslbility of using a Ring Beam Ultrasonic Surface Wave
System for the inspection of SATURN structural components has
been demonstrated in a series of tests on small area specimens
containing controlled simulated defects.

The following steps are now recommended:

8.1 Complete design of the automatic ultrasonic inspection
system illustrated in "Proposed System for Surface Wave
Inspection", 8perry Products Drawing 52Dhk3.

8.2

8.3
8.4

Construct the "System"” in accordance with final design.
Instell instrument package as described on Sperry Products
Drawing 52D443.

Prepare "Rotating Support l‘ember’.

Prepare ultrasonic reference plate as shown in Figure 40.

Use corpleted "System for Surface Wave Inspection" in per-
forming the following tests:

a)

b)

c)

d)

g)

Detect and record simulated defects in full size speci-
menz in static tests (automatic drive =urned off).

Detect and record sirmlated defects in full size speci-
mens in dynamic tests (automatic drive turned on).

Compare results of (a) and (b).

Detect and record naturel defects in both static and
dynamic tests. Compare results.

lMeasure size of natural defects by means other than
ultrasonic. (Note: This may use a destructive
nethod. )

Establish correlation between recorded ultrasoric sig-
nals from both natural and simulaied defects and their
location and size.

Establish standard of witrasonic operating sensitivity
in testing through the use of a reference plate. See
Figure 40
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10.0 APPENDIX

10.1

110.2

Work Performed During Final Period

The following studies were mede as described and illus-
trated in this report:

Analysis of Tire Pattern Figs. 18,19,20

Amplitude/Notch Depth Figs. 21,22,23
Amplitude/Kotch Angle Figs. 24,25,26
D.A.C. Operation Pigs. 27,28

Scanning !ethods Flgs. 36,37,38

The System Layout was completed as described in Para-
graphs 6.4.2 and 6.4.3.

The Final Report was prepared and issued.

NASA Property

At the close of this project the following items, all
property of NAS)\, are on hand at Sperry Products,

Danbury, Conn.

Qnantitz

1l

Description
Variable Angle Wheel Search Unit
Type SOB, Freq. 1.0 lc., Size 1/2 x 1
Style 50D403 Serial T7-1719

Variable Angle Wheel Search Unit
Type SOB, Freq. 2.25 Mc., Size 1/2 x 1
Style 50D340 Serial T-1723

Variable Angle Whneel Search Unit
Type SCB, Freq. 5.0 Me., Size 1/2 x 1
Style 50DkO4 Serial T-1720

Alurdnum Specimen Plates designated
Ato G

Ring; Feam Wheel Search Unit, Type 50Z,
Freq. 2.25 Mc. Angle 90R, Style S0L4O,
Serial W-209€, with Reflector Kit "A"
and Reflector Xit "B”

Assembly (spare) of:
Transducer - 5043618

Facing - 5043617
Spacer - 50A3€21
Backing - 50C1005

Tire {spare) - 50B1L08



